The Bohai Offshore Area is located in the northeastern marine area of the Bohai Bay Basin in northern China. It is one of the most productive petroleum basins in China. In this study, thermal gradient and heat flow distribution results for the Bohai Offshore Area (Bohai Subbasin) were obtained based on new oil-testing temperatures, drill-stem test temperatures (DSTs), bottom-hole temperatures (BHTs) and documented thermal conductivity data. The average geothermal gradient is 32.0±4.6°C/km for the entire offshore area. Heat flow in the Bohai Subbasin ranges from 33.5 mW/m 2 to 84.0 mW/m 2 , with an average value of 60.8±8.7mW/m 2 . Thermal gradient evolutions of several sags in the Bohai Subbasin were obtained using constraints for single well modeling from vitrinite reflectance (R o ) and apatite fissin track (AFT) data. Modeling results show that there were different thermal histories for different parts of the subbasin. Generally, the thermal gradient gradually decreased with geological evolution. The thermal gradient was 57~53°C/km in the Paleocene epoch and 53~43°C/km during the deposition period of the Shahejie Formation (e.g., Eocene epoch). This value slowly decreased after the Oligocene (38~43°C/km). It was 38~34°C/km in the Miocene, and it is 32°C/km at present-day. This thermal gradient evolution relates well to activities in the Tanlu Fault Zone and to tectonic subsidence. The first episode of the syn-rift initial subsidence of the basin shows a higher thermal gradient during the Paleocene~Eocene epochs. The second episode of thermal subsidence corresponds to a lower thermal gradient after the Oligocene epoch. The geothermal regime of the Bohai Offshore region will provide some useful data to study regional tectonic characteristics of the basin and the evolution of hydrocarbon source rocks.
INTRODUCTION
The Bohai Subbasin (Offshore Area), having an area of 5×10 Figure 1 . (a) Location of the Bohai Bay Basin. (b) Sketch map of the structural unit division, thermal modeling wells and main oil fields in the Bohai Subbasin (modified from Hao et al., 2009; Tang and Qi, 2009 ).
Labels ① to 12 are the locations of oil fields. ①-Bozhong 25-1; ➁-Bozhong 28-2; ➂-Caofeidian 12-1; ➃-Caofeidian 11-1; ⑤-Qinhuangdao 32-6; ➅-Nanpu 35-2; ➆-Lüda 10-1; ⑧-Lüda 5-2; ⑨-Jinzhou 25-1s; ⑩-Jinzhou 29-3; 11 Lüda 27-2; Figure 2 . Stratigraphic column in the Bohai Subbasin. Form. = Formation; PY = Pingyuan; Thermal conductivity is shown as mean value ± SD from Gong et al. (2003) , where SD is standard deviation. Thermal conductivities of the Mesozoic and Paleozoic are 2.22 and 2.87W/m.K (Gong et al., 2003) .
Unfortunately, these studies all concern the onshore region of the Bohai Bay Basin, with only a few focusing on the Bohai Offshore Area (Chen et al., 1984; Hu et al., 2001) . These previous studies were mainly based on temperature data from the limited exploration wells in the uplifts around the Bozhong and Liaozhong sags, and the available data were too sparse for this subbasin. With increasing numbers of the exploration wells over the past ten years in the Bohai Offshore Area, more temperature data (e.g., drill-stem test temperature (DST), BHT) have become available. Also some systematic steady-state temperature and oil-testing temperature data have been obtained from more recently drilled wells. New temperature data and thermal indicators from newly drilled wells provide the basis for our study. This information will yield new insights into the thermal regime of the Bohai Offshore Area.
In this paper, we discuss the thermal gradient and heat flow distribution of the offshore Bohai Bay Basin area, which were determined based on temperature data and thermal physical properties of rocks. The tectono-thermal evolution was then reconstructed using thermal indicators of vitrinite reflectance (R o ) and apatite fission track (AFT). Knowledge of the Bohai Subbasin geothermal regime will provide useful data to study the regional tectonic characteristics of the basin and the evolution of hydrocarbon source rocks.
HEAT FLOW DISTRIBUTION
The heat flow value was calculated with the thermal gradient and thermal conductivity at corresponding depth intervals. Beck and Balling (1988) have also reported that, to obtain a valid heat flow value, the equilibrium temperature gradient must be obtained in combination with a thermal property value of materials through which the temperature gradient has been measured. However, it is not easy to obtain a reliable heat flow value during actual research for two reasons. First, the temperature measurement should be taken near the steady state. During drilling, the temperature field is greatly disturbed. Furthermore, there are many other affects that could significantly perturb measured temperatures significantly (e.g., climate change, underground water and topography). We do not think that these other perturbations are important in the heat flow calculation. These affects can only result in a change of temperature change at some depth, and they do not affect the regional thermal field. Second, measurement of typical rock samples yields their thermal conductivities. Heat flow calculated from systematical steady-state temperature data and thermal conductivities at corresponding depth intervals is called measured heat flow, according to the theories of geothermics. Other forms of heat flow include estimated or calculated heat flows. However, only a few systematical steady-state temperatures have been obtained in the boreholes of the Bohai Subbasin. Heat flow values utilized in this paper were mostly estimated data. Temperature data from 251 wells were collected to study the geothermal gradient in this work (Fig. 3) . The T-depth relationship showed differences at several sags and uplifts in the Bohai Subbasin (Fig. 4) . 
Geothermal gradients
Geothermal gradient data utilized in this study were from systematic steady state measurements, oil and gas testing, as well as DST and BHT data. The most important temperature data used to characterize the geothermal field of sedimentary basins are those from systematic steady-state temperature measurements and well tests. Figure 5 gives these temperature data from several wells. Usually, convection within the stratum will result in some abnormally high and/or low temperature points in the profile. The temperature-depth profiles of the above wells demonstrated good linear relationships between measured temperature and depth, showing the character of thermal conduction in the subbasin. The above steady state temperature data were used as the basis for obtaining thermal gradients. In addition, the temperature data base for this study included abundant temperature data from oil and gas testing, as well as temperature logging provided by the CNOOC Tianjin Company Ltd., who is the sole operator for petroleum exploration and development in the Bohai Offshore Area. Because the temperature data were from boreholes having different depths, the uniform geothermal gradient was used in this paper, as shown by Yuan et al. (2009) . As such, all temperature data were calculated to the same depth of 3000m using the 1-D thermal conduction equation based on the documented thermal conductivity and heat generation data. Thus, the average thermal gradients for the 0-3000m depth interval were calculated for all study wells. This may eliminate the deviation that results from different temperatures at tested depths. Based on these uniform geothermal gradient data, the geothermal gradient distribution over the depth interval from 0-3000m in the Bohai Offshore Area was obtained (Fig. 6) . Generally, there are higher thermal gradients in the uplifts, but lower ones in the sags. The thermal gradients are up to 40°C/km and 36°C/km in the Bonan Lower Uplift and the Shijiutuo Uplift, respectively. There is also a higher thermal gradient, up to 34°C/km, in the Liaozhong uplift. The lowest thermal gradient (26°C/km) occurred in the center Bozhong and Huanghekou sags (Fig. 6) .
The average geothermal gradient value is 32.0±4.6°C/km over the entire Bohai Subbasin. Comparing to the adjacent subbasins, this is higher than the Linqing Subbasin (31.1±2.5°C/km), but lower than those of other subbasins in the Bohai Bay Basin. For example, the average thermal gradient of: the Jiyang Subasin is 36.0±4.9°C/km; the Huanghua Subbasin is 33.7±2.3°C/km; the Jizhong Subbasin is 33.7± 2.3°C/km; and the Liaohe Subbasin is 34.7±3.5°C/km (Gong et al., 2003; Wang et al., 2003; Zheng et al., 1978; Hu, et al., 2000; Qiu et al., 1998; 2004; 2006; . 
Heat flow calculation
Heat flow was calculated from the thermal gradient and the corresponding average weighted thermal conductivity data for the same well. The average weighted thermal conductivities were calculated based on lithological data from the study well and data from Gong et al. (2003) for each stratum from samples of onshore subbasins in the Bohai Bay Basin (Fig. 2) . Fifty-six heat flow values were calculated based on the above thermal gradient and thermal conductivities. Among these, 14 heat flow values were obtained based on the systematic steady state temperature in our study (Table 1 ). The heat flow in the Bohai Subbasin ranged from 33.5mW/m 2 to 84.0 mW/m 2 with a statistical average value of 60.8±8.7 mW/m 2 , which corresponds to the basins in eastern China where the average heat flow value is 64±mW/m 2 (Wang, 1996) . A heat flow contour map was constructed from the aforementioned 56 heat flow values and from data given by Hu et al. (2001) (Fig. 7) . This map demonstrates a higher heat flow of ~78 mW/m 2 in the uplifts of the Shijiutuo, Shaleitian and Bonan Lower Uplifts, for example; however, these values were relatively low in most of the sag regions. The average heat flow value of the Bohai Subbasin is higher than that of the Linqing Subbasin, but lower than that of the other subbasins in the Bohai Bay Basin. The average heat flow value of the Linqing Subbasin is only 60. (Gong et al., 2003; Wang et al., 2003; Hu et al., 2000; Qiu et al., 2004; 2006; . G-thermal gradient, K-thermal conductivity, q-heat flow
THERMAL HISTORY EVOLUTION 3.1. Data and methods of thermal modeling
Apatite fission track analysis (AFTA) and vitrinite reflectance (R o ) have been widely used to study the thermal evolution of sedimentary basins (Lerche, 1988; Green et al., 1989; Sweeney and Burnham, 1990; Corrigan, 1991; Arne and Zentill, 1994; Arne et al., 1997; Sun et al., 2009b) . Vitrinite reflectance data in this study were collected from the CNOOC Tianjin Company Ltd. The relationships between R o and depth of different sags are shown in Figure 8 . All vitrinite reflectance values were corrected by the Lo (1993)'s hydrogen index correction model before they were used to model thermal histories in our study. At the same time, 14 sandstone cores from five wells were processed for fission track analysis. Apatite was extracted from cores using standard heavy liquid and magnetic separation techniques. Samples were tested to obtain track ages and track lengths using the external detector method (Naeser, 1979) . The fission track ages, track lengths and associated errors are summarized briefly in Table 2 . Fission track ages in some apatite samples were older than the age of the strata, indicating that some of the fission track record was inherited from matrix sediments. These track ages should be corrected before they were used to thermal modeling study.
In addition, fission track data from Hu et al. (2001) , which were obtained from several wells, were also referred to our thermal modeling. The AFT length distributes broadening and the AFT length decreases with increasing sample burial depth. This indicates that all AFTs experienced an annealing event, to some extent. As shown in Figure 9 , the two peaks of AFT length distribution in samples from Well BZ25-1-1 indicate that the region has experienced significant tectonic uplift. The AFT ages become zero at about 3600~3800m, giving a partial annealing zone (PAZ) of AFT up to 3600~3800m. ρ s = spontaneous track density; ρ i = induced track density. ρ d = fossil track density. All track densities are 10 5 /cm 2 . N s , N i and N d are the number of spontaneous, induced and fossil tracks, respectively. L = confined mean track length. N is the number of tracks counted or measured tracks. Uncertainties are quoted at 2σ. Ages calculated using a zeta of 322.1±3.6 for dosimeter glass CN5 for apatite. The λ d is 1.55125×10 -10 /yr and g=0.5 in this measurement. P(χ 2 )=chi-square probability, which is a measure of probability that individual grains counted in a sample are from a single population; Ages were determined using the average age when P(χ 2 )<5%, which is generally taken to indicate that multiple age populations are present. However, ages were determined using the assembled age with P(χ 2 )>5%. Mean track lengths are corrected for length bias (Laslett et al., 1982) . The data were tested at the Institute of High-Energy Physics, Chinese Academy of Science. The process of fission track annealing in apatite has been calibrated in the laboratory (Laslett et al., 1982; Duddy et al., 1988; Green et al., 1989; Crowley et al., 1991; Zhao et al., 2009 ). Several equations have been proposed to describe the annealing behavior of apatite (Laslett et al., 1987; Crowley et al., 1991; Liu et al., 2009) . In this study, the annealing model from Green et al. (1989) was used to model the thermal annealing of fission tracks. The kinetic model of vitrinite reflectance evolution used here was the Easy%R o model from Sweeney and Burnham (1990) . Software used for our thermal modeling analysis included the TherMod program for Windows, which was developed by Hu et al. (1998) , and the BasinMod, which was developed by Platte River Associate Inc. Some parameters or constraints, such as thermal conductivity, radiogenic heat production, surface heat flow and thermal gradient, should be input to the software program before the thermal modeling begins. Present-day thermal gradient and surface heat flows were based on the above study. The thermal conductivities of rocks in each stratum are cited in Figure 2 . The surface temperature of the basin was assumed to be the same over geological time (10 °C). Compaction is an essential consideration in basin modeling, and compaction corrections will have a significant impact on the resulting thermal history. The empirical exponential equation of porosity to depth by Sclater and Christie (1980) was used to calculate compaction. The porosity-depth regression curve and the typical compaction factor for each structural unit of the basin were obtained based on well-logging data.
The stochastic inversion method was employed in our thermal history modeling. At first, a thermal history route was put forward. This route could explain one possible temperature evolution over geological time. The value of R o and/or AFT length was calculated based on the burial history and each thermal history route. By stochastical iteration of a series of thermal history routes for the stratum with samples based on the kinetics model of R o or AFT annealing, calculated values of paleotemperature indicators (R o and AFT) gradually meet the measured values. This reversion modeling method yields a series of thermal histories results, which lead to the uncertainty in the thermal evolution (Corrigan, 1991; Shi et al., 1998) . Generally, the inversion results are series of probablility and/or equivalent thermal history routes. In fact, all of these temperature-time routes compose a probability distribution belt, which is the variation range of the paleotemperature. The final thermal history is the average of probability distribution in our study, which is thought to be the most reliable thermal evolution result. In our modeling, the thermal gradient was used as the parameter to show the thermal regime. These constraints from AFT and R o data restricted the study results. Figure 10 gives the samples used for single well modeling results. The burial and thermal histories for Well JX1-1-1 in the Liaozhong sag are shown in Figure 10a . The modeled vitrinite reflectance values fit well with measured data. The modeled thermal gradient gradually decreased over geological time. It was 44~41.0°C/km in the Eocene, decreasing to 38°C/km at the end of the Paleocene, and is 31.5°C/km at present-day. Another well in the northern subbasin, Well JZ16-4-2, was also modeled by the R o data (Fig. 10b) . The thermal histories of Well KL11-1-1 in the Laizhouwan sag and Well KL20-1-1 in the Qingdong sag are shown in Figure 10c and 10d. 
Thermal evolution modeling results
In our study, each structural unit had a varied number of wells to be used for thermal modeling. The thermal gradient evolution of the sag was obtained by the average value of modeling results from several wells.
The northern subbasin
The Northern Bohai Subbasin is also referred to as the Liaodong Bay Area, which includes the Liaoxi, Liaozhong and Liaodong sags, as well as the adjacent uplifts (Fig.1) . A total of 12 wells were modeled using the R o and AFT data to obtain the geothermal gradient evolution. The average thermal gradient was 45~40°C/km in the Oligocene, which has decreased to 31 °C/km at present-day. As most wells were drilled down to the Middle Eocene (e.g., E2s3), the thermal gradient evolution since the Late Eocene was obtained using the average value of modeling results from 12 wells (e.g., dashed line in Fig. 11a ). This value decreased from 55°C/km in the Early Eocene to 45°C/km at the end of the Paleocene, gradually reaching 33°C/km at present-day.
The southern subbasin
The southern subbasin includes the Huanghekou, Laizhouwan and Qingdong sags, as well as the adjacent uplifts (Fig. 1) . A total of 10 wells were modeled using the R o data. Based on modeling results from the 10 wells, the thermal gradient evolution was obtained. The average thermal gradient of the southern subbasin decreased rapidly from 50°C/km in the Early Eocene to 38°C/km± in the Late Eocene, gradually reaching 35~38°C/km in the Oligocene and 30°C/km at present-day (Fig. 11b) .
The central subbasin
This central area includes the Bozhong, Bodong, Qinnan and Miaoxi sags, as well as the adjacent uplifts. A total of 10 wells were modeled using the R o and AFT data. The average geothermal gradients in the Paleocene and Early Eocene were sometimes higher than those of northern subbasin. The average thermal gradient of the central subbasin decreased rapidly from ~60°C/km in the Early Eocene to 40°C/km± in the Late Eocene, gradually reaching 37°C/km at the end of the Oligocene and 28°C/km at present-day (Fig. 11c) .
The western subbasin
The western subbasin includes the Qikou, Shanan and Chengbei sags, as well as the adjacent uplifts. A total of 6 wells were modeled using the R o and AFT data. Here, most wells were also drilled down to the Middle Eocene (e.g., E2s3). The thermal gradient evolution since the Late Eocene was obtained using the average value from modeling results of six wells. This value decreased from 48°C/km in the Late Eocene to 40°C/km± at the end of the Eocene, reaching 35°C/km at the end of the Oligocene and 29°C/km at present-day (Fig. 11d) .
The thermal gradient evolution of the Bohai Subbasin showed different evolutions in different area (Fig. 12A) . The central subbasin experienced a higher thermal gradient history in the Paleocene; however, the higher thermal gradient occurred at the northern subbasin in the Neocene. A thermal gradient evolution for the entire Bohai Subbasin was obtained using the average value from the above four areas. Generally, the thermal gradient decreased gradually with the evolution of the basin. The thermal gradient was 57~53°C/km in the Paleocene and 53~43°C/km during the deposition period of the Shahejie Formation (e.g., Eocene). It decreased slowly after the Oligocene, being 38~43°C/km in the Oligocene, 38~34°C/km in the Miocene and 32°C/km at present-day (Fig. 12B) . The thermal evolutions of several subbasins in the Bohai Bay Basin have been studied previously (Qiu et al., 1998; 2004; 2006; . The Liaohe and Changwei Subbasins experienced different higher thermal gradients than for other adjacent subbasins of the Bohai Bay Basin during the entire Cenozoic time. However, the Linqing and Jizhong Subbasins experienced lower thermal gradients in the Cenozoic. The controlling factors of this will be discussed in the following section. Figure 11 .The modeling thermal gradient evolution in different offshore areas. Figure 12A .Thermal gradient evolution in different parts of the Bohai Subbasin. Figure 12B . Thermal gradient evolution of several subbasins in the Bohai Bay Basin. The thermal gradient of the entire Bohai subbasin is the average value from the four areas in Figure 12A Thermal gradient evolution in the adjacent subbasins are from Qiu et al. (1998 Qiu et al. ( , 2003 Qiu et al. ( , 2004 Qiu et al. ( , 2006 Qiu et al. ( , 2007 .
TECTONIC SUBSIDENCE EVOLUTION
The subsidence of sedimentary basins includes two parts: tectonic subsidence and load subsidence. Tectonic subsidence is mainly caused by tectonic movement; however, load subsidence is caused by sediment load. In this paper, the subsidence analysis techniques utilized followed the documents of Van Hinte (1978) and Steckler and Watts (1980) . Dating of sediments was based mainly on borehole descriptions, geological syntheses and well-logging corrections. Subsidence within the Liaodong Bay area (northern subbasin) shows the syn-rift initial subsidence followed by subsequent thermal subsidence (Fig. 13A ). In addition, subsidence during the syn-rift phase, from the Paleocene to the end of the Oligocene, consisted of two episodes of sub-rifting. These include the earlier thermal subsidence (T 1 ), from the Paleocene to the Early Eocene, and the initial rifting subsidence (T 2 ), from the Middle Eocene to the end of the Oligocene. After the Miocene, rifting ceased within the entire Bohai Bay Basin and the basin began its post-rift thermal subsidence phase (T 3 ) as a regional event. This resulted from either the far-field effect of the IndiaAsia collision or the reorganization of plate motions between Asia and the oceanic plates to the east (Allen et al., 1997) . There have been only a few tectonic subsidence amounts in most sag area of the northern offshore region, in the post-rift thermal subsidence phase. Other sags of the Bohai Subbasin demonstrated similar subsidence behavior until the end of the Oligocene. However, tectonic subsidence since the Miocene period has had remarkably different characteristics, compared to the northern subbasin area (Fig. 13B) . The post-rift thermal subsidence phase (T 3 ) in these sags, especially the rapid subsidence in the Bozhong and Qikou sags, have larger subsidence amounts than that of the northern subbasin. Larger total tectonic subsidences of 3400-3500 m have been found in the Bozhong and Qikou sags, which correspond to rapid subsidence and depocenter migration in the Oligocene and Miocene periods (Ren et al., 2008; Guo et al., 2007) . Figure 13 . Tectonic subsidence history of typical sags in the Bohai Subbasin.
DISCUSSION
The heat flow distribution in the Bohai offshore area implies that there is a relationship between the uplifted basements and higher heat flow values. In the relatively shallow uplifts, higher heat flow values have been found; heat flow values are lower in the sags, on the other hand. Higher heat flow values may have resulted from the igneous magma and hydrothermal activities migrating along the deep fault toward shallow crust or the surface during basin evolution, due to multiple extensions of the lithosphere, mantle uplifting and crust thinning (Zheng et al., 1978; Wang and Wang, 1986; Gu et al., 2000) , which resulted in the higher heat flow background of the Bohai Subbasin.
Thermal gradient evolution relates well with activities of the Tanlu Fault Zone and tectonic subsidence. The Tanlu Fault zone is one of the most important discordogenic faults in East Asia, and is also an important Meso-Cenozoic magmatic belt and metallogenic belt in eastern China. Its formation and evolution has played an obvious controlling role in petrographic-paleogeography, magmatic activity, metamorphic processes and mineral formation and distribution in east China since the Cenozoic. Activities of the Tanlu Fault Zone in the Cenozoic have a greater influence on the thermal field of both sides of the Tanlu Fault Zone . The thermal evolutions of several subbasins in the Bohai Bay Basin have been previously studied (Qiu et al., 1998; 2004; 2006; . The Bohai, Liaohe and Changwei Subbasins show different thermal evolutions, compared to other adjacent subbasins in the Bohai Bay Basin. This is due to the Tanlu Fault, which passes through the center of the subbasins (Fig. 12B ). They had a higher thermal gradient in the Paleocene, compared to other subbasins, indicating that the Tanlu Fault affected the thermal regime in the Paleocene. The Liaohe and Changwei Subbasins experienced a higher thermal gradient from the Eocene to present-day. This is due to their uplift and a low tectonic subsidence from the Oligocene to present-day (Fig. 12B ). The Bohai Subbasin should have a higher thermal gradient than the Liaohe and Changwei Subbasins. However, it evolved a similar thermal gradient, compared to the Jiyang, Huanghua and Jizhong Subbasins, due to its large amount of tectonic subsidence from the Oligocene to present-day. The Linqing and Jizhong Subbasins, which are far from the Tanlu Fault zone, experienced a lower thermal gradient, indicating the Tanlu Fault effect on the thermal regime in the Cenozoic. Tectonic subsidence also supported this thermal evolution of the basin (Fig. 12B) . The subsidence shows two episodes of syn-rift initial subsidence and thermal subsidence, which correspond to the higher thermal gradient in the Paleocene and Eocene, and lower thermal gradient after the Oligocene.
The stochastic reversion method will lead to some uncertainty in thermal evolution (Corrigan, 1991; Shi et al., 1998) . This uncertainty may increase with the complicated thermal evolution of the basin, which is the limit of thermal modeling. We selected 50 probabilities for thermal evolution routes in each well from our modeling. The average thermal gradient was obtained based on the 50 modeling results. This is thought to be the thermal evolution result of the studied well. We believe that this average thermal gradient evolution can reflect the real thermal history of a well. As the modeling results are constrained from AFT and R o data, the quality of these data will also affect the thermal gradient variation. Apatite fission track annealing is controlled primarily by temperature, apatite chemical composition and heating duration. In addition, a linear model of the thermal gradient variation was employed in our modeling, providing the linear evolution of the thermal gradient over the modeling period.
CONCLUSIONS
(1) The thermal gradient and heat flow distribution of the Bohai Subbasin were obtained based on the oil-testing temperature, DST, BHT and documented thermal conductivities in this study. The average geothermal gradient value is 32.0±4.6°C/km for the entire offshore area. The heat flow value in the Bohai Subbasin ranged from 33.5 mW/m 2 to 84.0 mW/m 2 , with an average value of 60.8±8.7 mW/m 2 . (2) The thermal gradient evolutions of several sags in the Bohai Subbasin were obtained using constraints from single well modeling results with R o and AFT data. The modeling results demonstrate that there were different thermal histories for different parts of the subbasin. Generally, the thermal gradient decreased gradually with the evolution of the basin. The thermal gradient was 57~53°C/km in the Paleocene and 53~43°C/km during the deposition period of the Shahejie Formation (e.g. Eocene). It decreased slowly after the Oligocene, and was 38~43°C/km in the Oligocene and 38~34°C/km in the Miocene. At present-day, the value is 32°C/km. showed two episodes of syn-rift initial subsidence and thermal subsidence, which correspond to the higher thermal gradient in the Paleocene~Eocene and lower thermal gradient after the Oligocene.
